lias been shown to prove th a t no h ig h er degree of tractive force is to be expected from the double-pole m ethod of determ ining the m agnetisation lim it of m agnetic substances th an has been obtained by th e single-pole method.
(A bstract.)
The purpose of th is research differs essentially from th a t of any previous research on th e m echanical equivalent of heat. In oroer to diminish the loss of heat by radiation, as well as to obtain the equivalent for w ater in the neighbourhood of ordinary tem peratures, th e ranges of tem perature over w hich the previous dynam ical m easurem ents have been made are greatly less than the standard interval between the physically fixed points of tem perature to which all therm al measui'es are referred, and so have of necessity involved the use of scales, the intervals of which depend on the constancy of the relative expansions of such substances as glass, mercury, and air. On the other hand, in th is research the object has been to d eter mine the mechanical equivalent of the total heat necessary to raise the tem perature of w ater over the standard interval of tem perature, and thus to obtain directly the equivalent of th e mean specific heat between the freezing and boiling points.
This undertaking is the resu lt of the occurrence of circum stances which afforded an opportunity such as m ight not again occur. This consisted in th e facilities offered by the appliances which formed th e original equipm ent of the W hitw orth E ngineering Laboratory, in 1888, the more essential of these being an engine of 100 H .P., working one of Professor Reynolds' hydraulic brakes. This brake m aintains any constant moment of resistance on the engine shaft, independent of the speed, all the w ork done being converted into heat, which appears in the rise of tem perature of a steady stream of w ater flowing th ro u g h th e brake, th e m agnitude of w hich stream is independent of th e load on the brake or th e speed of th e engine^, and is u n d er independent control.
The existence of th e M anchester tow n w ater, of a p u rity expressed by 3 grains of salts to the gallon, conveniently distrib u ted in th e laboratory, as well as auxiliary power, both steam and w ater.
A lthough unconsciously, th e research was really commenced in 1890, w hen, w ithout any intention of m aking a determ ination of the h ea t equivalent of th e w ork done on th e brake, but solely for th e purpose of verifying th e m echanical balance of the brake, provision for therm al m easurem ents was added, and a system of tria l instituted,, in w hich the object so ught was only th a t of obtaining consistent resu lts over definite portions of the scales of uncorrected th e r mometer's, elim inating the errors resu ltin g from radiation by ta k in g th e differences of two trials. In these trials th e tem perature ranged from 40° to 50° F., and th eir developm ent was continued over twoyears. Then it occurred to Professor Reynolds th a t by the same m ethod the g re at facility which th is brake was then seen to afford would be available for the independent determ ination of them echanical equivalent, if it could be arranged th a t w ater should en ter the b rak e at th e tem perature of m elting ice, and leave it at th a t of w ater boiling u n d er th e standard pressure. Since then all th a t would be required of the therm om eters would be th e identification of these tem peratures, and w ith a range of 180°, small errors would becom paratively of sm all im portance. A t first the difficulties seemed form idable; but on try in g by gradually dim inishing the supply of w ater to the brake when it was absorbing 60 H .P ., and finding th a t if ran steadily u n der control of its autom atic gear till the tem perature was w ith in three or four degrees of boiling, he fu rth e r considered the m atter, and during the next tw o years convinced himself of th e practicability of the necessary additional appliances by prelim inary designs. These consisted in -1. A n artificial atm osphere or means of m aintaining a steady airpressure of 4/3 atm osphere in the air passages of the brake.
2. A circulating pum p and w ater cooler, by w hich the entering water, some 30 lbs. a m inute, could be forced through the cooler intothe brake a t a tem perature of 32°, having been cooled by ice from the tem perature of the town main. 3. A condenser by which the w ater leaving the brake at 212° m ight be cooled down to atm ospheric tem perature before being dis charged into the atm osphere and weighed.
4. Such alteration in the m anner of supporting the brake on theshaft as would prevent excess of leakage from the bushes in conse quence of the g reater pressure of air in the brake, since not only would the leaks be increased but when the rise of tem perature was-
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increased to 180° the q u an tity fo r any pow er would be dim inished to one-sixth of th a t for a rise of 30°, so th a t any leakage would becomesix tim es the relative im portance. 5. Some means by which assurance of the elim ination of th e ra d ia tion and conduction could be obtained, as w ith a tem perature o f 140 F. above the laboratory these would probably am ount to 2 or 3-per cent, of th e total lieat. 6. Scales for g re ater facility and accuracy in w eighing th e w a te r w ith a switch actu ated by the counter. 7. A pressure gauge or barom eter by w hich the standard for the? boiling points m ight be readily determ ined a t 3° or 4° F. above and below th e boiling point, so as to adm it of ready and freq u en t correc tion of the therm om eters used for identifying th e tem perature of th e effluent w ater.
8. Some means of determ ining the term inal differences of tem pera tu re and quantities of w ater in the brake, Avhich would be relatively six tim es as large as w ith 30° rise.
These prelim inary designs apparently dem onstrated the p ractic ability of the appliances, and also the possibility of th eir inclusion in the already m uch occupied space adjacent to th e brake. B ut th eie rem ained still m uch to be done in th e way of experim ental investiga tion in order to obtain th e d ata for proportioning the appliances.
In July, 1894, Mr. Moorby having undertaken to-devote him self to the research, the experim ents necessary for the appliances were a t once commenced, and these, to g eth er w ith the construction of th e appliances and then standardising, and prelim inary experim ents while th is was in progress, occupied till F ebruary, 1896, when M r. Moorby commenced the m ain experim ents which were continued into July, 1896.
In these experim ents the tim e of running was 62 m in u te s; thespeed 300 revolutions a m inute, on the speed gauges. Observation of speeds, of the tem perature of the in-flowing and effluent w ater, anu, of the tem p eratu re of the air were made every two m inutes. Obser vations of the slope of the tem perature of the shaft were made every eight minutes.
The tem perature of the inflowing w ater varied from 32 5° to 34°*. and th at of the effluent from 210° to 214° F. The effluent w ater wa& cooled to 8-5° before entering the tank on the scales, in which it was weighed, weighings being taken before and after each trial* The tem perature of the metal surface of the brake was sensibly the same as th a t of the effluent w ater (212°), and, by taking the difference in the work absorbed in two trials and the differences in the heats developed, the errors of radiation and balance in the brake were approxim ately elim inated ; and in order to complete the elim ina tion the coefficient of radiation was approxim ately determined, so th at a
correction m ig h t be applied for any residual differences of tem perature as observed, and in th e sam e w ay w ith th e slope of tem peratures. F u rth e r assurance was also obtained by m aking some tria ls w ith th e brake naked and others w ith it covered, so as to reduce the loss of heat to o n e-fifth ; and, in th e same way, w ith every circum stance w hich could affect th e resu lt trials, m eans were tak en to vary the circum stan ces in different series of trials, so as to obtain an estim ate of the lim its of error. All the appliances were m ost carefully standardised ; and tak in g all the lim its of error into account th e lim it of the sum w as less th an 0'0003. In all 52 trials were included in the final result. Of these-25 w ith loads on th e b rak e of 1200 ft.-lbs. a t 70 H .P . 21 ,. " 600 " 35 6 " " 400 " 23 F rom these, twenty-five separate determ inations were made of th e equivalent, subject to certain general corrections given below, which gave a mean value 777'91. From this none of the separate deter m inations differed by as m uch as 0 -2 per cent., and when arranged in ■eight groups, according to the circum stances u n d er which they were m ade, the greatest divergence from the m ean was 0 '036 per cent.
I t was found im practicable to elim inate entirely from each d eter m ination th e losses of heat due to radiation, conduction, leakage of w ater, &c., and so' it was found advisable to determ ine w hat these losses Avere. This inform ation Avas given by the trials themselves, •and the necessary corrections were applied to each separate determ i nation. As illu stra tin g the extent to which the m ethod adopted did elim inate these errors, it is interesting to rem ark th a t on the m ean value of the equivalent determ ined, w ithout tak in g these errors into account, the error Avas only 0'0192 per cent. C ertain final corrections, which had th e same values for all trials, were made to th e mean value of J, given above. These were in tro duced on the following various counts :-I. L ength of the brake lever ((>00042). II. Salts dissolved in M anchester w ater (0'00003). I I I . A ir dissolved in w ater used in the trials ( -0 '00021). IV . R eduction of weighings to vacuo ( -0 00120).
V. V arying specific heat of water ( -0'00006). V I. P ressure on therm om eter bulbs ( -0 '00037). V II. W ork done against gravity ( 0 ,00007). V II I. E ngagem ent of counter (O'OOOOl).
T heir total effect was to introduce a correction factor of (1 -0*00J 25). The mean corrected value of the specific heat of w ater between freezing and boiling points, as measured in m echanical units a t M anchester, is found to be 776• 94.
